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Abstract 
Heavy Water Board (HWB) is the sole agency in the country for production and sustained supply of heavy water, nuclear 
grade solvents and enriched elemental boron which are the key input materials for Indian Nuclear Power Programme.  
    DAE has ventured to develop heavy water technology indigenously starting from scratch.  H2S-H2O bi-thermal process 
was developed starting from laboratory studies to pilot plant and breakthrough was achieved by setting up first industrial 
plant at Kota and double capacity plant at Manuguru. In early 1960’s, NH3–H2 mono-thermal process was at nascent stage 
of development. The rich experience from first industrial plant set up at Baroda has led to success story in second 
generation plants at Thal and Hazira, totally with indigenous efforts.  NH3-H2O front-end process had also been developed 
for ammonia based Heavy Water Plants (HWPs) making them independent of fertilizer plants. Performance indicators of 
operating HWPs have reached the zenith level. India is the largest global producer of heavy water and is the only country 
using multiple technologies. HWB is also fulfilling the global demand of high quality heavy water.  HWB has diversified 
into other activities like industrial production of other nuclear materials and development of spin off technologies.  
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1. Introduction 
    Nuclear power has an important role in balancing the economic development, energy supply/demand and environment. 
The compelling merits of nuclear power have brought a rethinking world over for opting it to be a prominent source of 
electricity. Several countries, including India, are exploiting nuclear power for societal benefits.  
     Dr. Homi Jehangir Bhabha had formulated a three stage Nuclear Power Programme with a view to provide energy 
security to India. It was aimed at optimum utilization of the indigenous nuclear resource profile of modest uranium and 
abundant thorium by adopting closed nuclear fuel cycle.  
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    First stage comprises of natural uranium fuelled Pressurised Heavy Water Reactors (PHWRs) and its associated fuel 
cycle. Second stage, comprising of Fast Breeder Reactors (FBRs) fuelled by mixed oxides of Uranium-238 and Plutonium-
239, recovered by reprocessing of the first stage spent fuel and Thorium as blanket. FBR breeds  Plutonium-239  and    
transmutes Th-232 to U-233 which is the fuel for the third stage of India’s Nuclear Power Programme. Third stage utilizes 
Thorium, in which 233U is used as fuel and 232Th as fertile material.  
    Development and growth of three stage Nuclear Power Programme (NPP) depends on timely and sustained availability of 
various input materials from indigenous sources. Each of the three stages requires specific nuclear materials for reactor 
operation and nuclear fuel cycle, both at front end and back end. Being strategic in nature, the technologies for industrial 
production of nuclear materials were not accessible to developing countries like India. Hence, India faced great 
technological challenges in executing its nuclear power programme. In order to attain self reliance in nuclear power, India 
opted to develop nuclear technology indigenously. Hence, efforts were put in to develop and deploy technologies for 
indigenous production of nuclear materials on industrial scale. 
     The success of the first stage of the Indian Nuclear Power Programme centred around sustained availability of high grade 
heavy water at reasonable cost. Envisaging the potential requirement of heavy water, the mandate of developing technology 
for indigenous production of heavy water on industrial scale was assigned to erstwhile Heavy Water Projects (which was 
later renamed as Heavy Water Board - HWB) in early sixties. HWB had mastered the complex and energy intensive 
technology of heavy water production from a clean slate adopting the road map  of concept to commercialization using multi 
pronged approach. HWB has been involved in design, construction, operation and maintenance of Heavy Water Plants as 
well as fine tuning of process to make it cost effective and environment friendly. 
2. Heavy Water Board 
    Heavy Water Board (HWB), a flagship industrial unit under Department of Atomic Energy, is the sole agency in the 
country for production and sustained supply of heavy water. HWB had been initially given the task of design, engineering, 
construction, and operation of heavy water plants for commercial production and the related developmental works in the 
field. HWB has now become a global leader in heavy water technology.  With this strength, HWB diversified its activities 
to the areas of producing nuclear grade solvents and enriched elemental boron which are the key input materials for first and 
second stages of Indian NPP. 
    Presently, India is the largest producer of heavy water in the world and is the only country using multiple technologies for 
production. HWB presently operates five industrial scale heavy water plants located all over the country producing high 
quality heavy water at reasonably low cost. HWB is successfully contributing to the first phase of NPP by supplying heavy 
water to Nuclear Power Corporation of India Ltd. (NPCIL) in a cost effective manner enabling the department to supply 
electricity to public at affordable cost. HWB had not only made the country self reliant for domestic requirement of heavy 
water but also exporting high quality heavy water, amidst tough global competition, to countries like Republic of Korea and 
United States of America for nuclear and non-nuclear applications. 
    HWB has generated broad based intellectual asset in the form of institutional knowledg e, skills in wide spectrum of 
developmental activities, engineering, project management and energy conservation. Having achieved the prime mandate of 
heavy water production, HWB has diversified in many other areas to support Indian Nuclear Power Programme,  to assist 
other industries and for conserving the environment. 
    HWB is providing support to nuclear industry by developing processes, products and technologies such as industrial 
production of nuclear materials (like nuclear grade solvents, enriched bo ron -10B), technology development for reducing 
radioactivity from tritium contaminated heavy water from nuclear reactor, development of novel equipment, process and 
technology development for recovery of uranium from phosphoric acid, engineering support to  develop facility for recovery 
of residual uranium form spent fuel from Boiling Water Reactors, conducting energy audits etc. 
3. Heavy water – a key input material for nuclear power programme  
    Heavy water is one of the key input materials for first stage NPP where it is used as moderator and coolant in natural 
uranium based nuclear power reactor (PHWR). Moderator is needed for sustaining a fission chain reaction. High energy 
neutrons have low fission probability and, hence, it is necessary to bring down  the energy level of such neutrons to a value 
that is optimum for causing further fission. Normal water, heavy water, helium, beryllium and graphite are examples of 
moderator. Heavy water is an excellent moderator (moderating ratio ~ 21000) for PHWR with large slowing down power 
and extremely small neutron capture cross section.  
4. Deuterium separation – process and technology development 
    Extremely low natural abundance of deuterium, close resemblance in chemical properties with hydrogen, comparatively  
low range of separation factor, requirement of high degree of enrichment (~ 7000 times)  make separation of deuterium  
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from hydrogen exceedingly difficult and energy intensive.  
    During  the fifties and sixties, heavy water technology was available only with a few countries of the world and India had 
no access to it. Hence, indigenous production of heavy water had to be taken up on a large scale to match the projected 
nuclear power programme. Despite various difficulties, Heavy Water Board took up development of different processes 
simultaneously during late sixties and early seventies adopting a multi-pronged approach. 
    Challenges faced in development of technology were difficulties in process of selection of materials, safety system 
design, process controls, operability studies, analytical methodologies and overcoming limitations of fabrication and 
infrastructure at that time. The safety of the plant & personnel remain the foremost objective in opera tion of plant.  
    In order to keep pace with the projected demand of heavy water for upcoming PHWRs, it was decided to set up industrial 
plants using multiple technologies. Seven heavy water plants were set up in the country at Baroda, Tuticorin, Talcher, Thal, 
Hazira (ammonia-hydrogen exchange process) Kota and Manuguru (hydrogen sulphide-water exchange process). The 
technologies are now fully matured and robust due to rigorous analysis of the problems and effecting appropriate solutions. 
While the initial plants took a long time to stabilize, the subsequent plants, even though of larger capacities, could be made 
operational in a short period. 
    HWB can boast of having sustainable heavy water technology based on cost competitiveness, amenable to modific ations 
with emerging technology, availability of skilled and competent man-power, production of high quality heavy water at 
reasonably low cost, societal acceptance, community development through improvement of infra -structure and living 
standard in neighborhood and no burden on environmental issues. 
5. Development of heavy water technology in India 
    The development of such a complex technology was carried out based on a mission oriented programme and this was 
backed up by a committed and highly trained man power with a single minded pursuit to achieve the goal of making India 
self sufficient in this area. Heavy Water Board has designed, engineered, and set up large scale Heavy Water Plants and the 
technology for production of heavy water is completely as similated in India.  
    However, when it all began in the late sixties and early seventies, though the  confidence of meeting success in 
development of the process  based on  H2S-H2O process was there, it was felt that it would  take considerable amount o f 
time. It may be worth while to mention here that the first plant in Canada based on GS process took a very long time and the 
plant had to be redesigned to sustain the continuous production levels.  Therefore, a decision was taken to also try NH 3-H2 
mono-thermal process developed by French consortium and NH3-H2 bi-thermal process developed by UHDE Germany.  
5.1. Development of H2S-H2O Isotopic Exchange Bi-thermal Technology 
    This complex process was indigenously developed through extensive pilot plant s tudy with the active support of 
dedicated analytical facility. Operation of this pilot plant required regular monitoring of chemistry parameters to generate 
data on deuterium profile in liquid and gaseous steams, vapour-liquid equilibrium, process efficiency, process variables, 
hydro-dynamics, foaming characteristic of feed material, viz., water, its treatment etc.  
    This pilot plant study was carried out in 1960’s and early 1970’s, which was the developing phase for country’s nuclear 
technology.  An in-house facility was developed for isotopic analysis without which pilot plant study could not be 
completed.  Analytical methods were validated for precise & accurate D/H analysis in different concentration in liquid and 
gaseous streams. Using these methods, deuterium profile was established at various stages of plant operation under different 
conditions of process parameters like pressure, temperature, liquid -to-gas flow, purity of feed streams etc. Data on 
deuterium profile were used to evaluate HETP, number of theoretical stages, optimum process parameters, effect of 
impurities in feed streams etc.  
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Fig. 1. A Typical Exchange Tower Pair for H2S-H2O Process 
 
    Selection of compatible material for various equipment/components was very crucial in view of highly corrosive and 
toxic nature of H2S gas. Extensive corrosion study was necessary to select material of right quality & composition which 
can withstand the corrosive environment and proces s conditions. Carbon steel was chosen for large size exchange towers 
but high corrosion rate under wet H2S atmosphere limited its use for tower internals/ Heat Exchangers. Qualitative and 
quantitative study of corrosion products was undertaken to find viab le solution to this problem. Study of corrosion products 
revealed that iron sulphide has very low solubility in water & forms an adherent and uniform layer on carbon steel and can 
provide good corrosion resistance against H2S. A process was developed for in-situ formation of iron-pyrite film on the 
internal surface of towers, pipe lines.  
    The bi-thermal process operates in a pair of cold and hot columns maintained at 30 degree and 130 degree C under 20 
kg/cm2 pressure and permits extraction of about 20% of the deuterium contained in the feed water.  This process enriches 
the process feed water having 0.015% deuterium 1000 fold yielding 15% concentration in cold tower of third stage, which 
is further enriched to nuclear grade in Distillation Unit.  
    The underlying isotopic exchange reaction can be stated as below:  
 
-----------------------------------------------------------------------------------(1) 
 
     
Typically, present day Indian plants operate with energy consumption of around 30 GJ/ kg of heav y water on full year 
production basis. 
    The first plant based on this process was set up at Kota. Subsequent plant of double the capacity, along with a captive 
power plant, at Manuguru could achieve the design production levels in a very short time.  Co ntinuous operation of these 
Plants for more than two decades has gone through resolution of process chemistry related issues and now the technology is 
fully matured with better understanding of Separation Science. 
5.2. Development of NH3-H2 Isotopic Exchange mono-thermal Technology 
    Commercial hydrogen production being the source of deuterium in this process, it calls for co -location of such heavy 
water plants. In Indian scenario, the bulk of commercial production of hydrogen is by fertilizer industries which convert the 
hydrogen produced to ammonia for eventual production of urea. 
    Plants based on NH3-H2 exchange process are parasitic to fertilizer plant for supply of synthesis gas (3N2+H2). The 
underlying exchange reaction in this process is:  
 
    HD (gas)  + NH3(liq)  ↔  NH2D(liq)   + H2(gas)                                                                                                                            (2) 
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    The process, therefore, operates at pressures clos e to the pressure of operation of the converter loop of the fertilizer plant 
i.e. 230 kg/cm2 with exchange column operating    at -25 degree C and the enrichment column operating at 110 kg/cm2 and 
0 degree C. The cracker operates at 110 kg/cm2 and 680 degree C while the converter operates at 220 kg/cm2 and 480 
degree C.  Thus, the process sees a large variation in terms of pressure and temperatures. Poor solubility of hydrogen in 
ammonia as well as the slow rate of reaction necessitates use of catalyst to improve the kinetics. The catalyst which is used 
in the present case is potassium amide. The catalyst is maintained in a close loop through a catalyst separation and injectio n 
system. In this system, the catalyst is separated from the ammonia liquid from the bottom of the enrichment column through 
distillation and is further de-deuteriated before being fed back to the exchange column as feed catalyst. A simplified 
diagram for a typical exchange tower pair is shown in Fig. 2. 
    The plants take their feed gas from the connected fertilizer plants in the form of synthesis gas mixture (N2 and H2). The 
gas is sent through a booster compressor and passed through a dryer and a purification column to remove oxygenated 
impurities. The gas is then cooled and humidified with ammonia before it is introduced into an exchange column. Ammonia 
liquid gets enriched with deuterium which is then passed through enrichment column. At the bottom of this column, part of 
the enriched ammonia is taken out as product and fed to the subsequent stages; while the rest of ammonia is cracked and 
converted to synthesis gas and fed as reboil to the column.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. A Typical Exchange Tower Pair for H3-H2 Process 
 
    Development of technology on this mono-thermal process in India started about the same time as that of H2S-H2O 
process. The first two plants at Baroda and Tuticorin integrated to high pressure Gujarat State Fertilizers & Chemicals Ltd. 
(GSFC) loop and medium pressure Southern Petrochemical Industries Corporat ion Ltd. (SPIC) loop respectively were 
based on the pilot plant set up in Mazingarb, France and the process developed by French consortium. However, enormous 
problems related with the process as well as equipment were faced during the commissioning and initial operation of the 
plants. Several modifications in the process were made, a large amount of developmental work was carried out and changes 
were implemented in the cascade and the operating procedures. 
    In order to minimize the dependence on fertilizer plant, preliminary enrichment of deuterium is achieved through NH3-
H2O exchange process (Front-end) deploying water as feedstock for source of deuterium in the process. NH3-H2O Front-end 
technology has been established indigenously through lab scale and pilot plant study and has been successfully integrated 
with Heavy Water Plant, Baroda.  
 
HDO (liq)  + NH3(gas)  ↔ H2O(liq)   + NH2D(gas)                                                                                                                           (3) 
 
6. Performance of Heavy Water Plants  
    Having set up more than 500 tons of heavy water production capacity per annum, the emphasis shifted towards 
performance improvement. The result of self appraisal was phenomenal. In terms of productivity, specific energy 
consumption, capacity utilization, safety and environmental performance, human resource development , the performance of 
operating HWPs reached the zenith level and has now plateaued.  
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6.1. Energy conservation programme in Heavy Water Board 
    Heavy Water production is highly energy intensive.  Cost of energy constitutes approximately 60% of production cost of 
Heavy Water.  Heavy Water Board, after stabilizing production processes, started energy conservation drive in a big way 
from early ‘90s. Specific energy consumption for Heavy Water production has reduced significantly (>35%) in last ten 
years (44.0 GJ/kg in 1998 to 28.84 GJ/kg during in 2009). This was made possible by persistent efforts in reducing energy 
consumption at various levels through innovative approach, detailed energy centric system analy sis, process driven energy 
audits, optimization of process parameters, improvement in O&M practices, de-bottle-necking etc. Various energy 
conservation schemes were identified and implemented in a systematic manner which had resulted in cumulative savings of 
more than Rs. 1000 Crore.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Overall specific energy consumption in GJ/kg for Heavy Water Plants 
 
    The efforts of HWB in the field of energy conservation (ENCON) are very well appreciated at various national forums 
and various HWPS have won many national energy conservation awards in last few years from institutes like Bureau of 
Energy Efficiency (BEE), Ministry of Power; Indian Chemical Manufacture Association (ICMA) etc. 
    Some of the major ENCON schemes deployed successfully are – installation of variable speed drive for few pumps, 
reduction in Hot Tower operating temperature, installation of effluent cooling tower, installation of Vapour Absorption 
Refrigeration System, bifurcation of Cooling Water system into two pressure sy stem (HP & LP) etc. Success of ENCON 
scheme at HWP, Manuguru enabled HWB to export surplus power to APTRANSCO.  
    In association with the Bureau of Energy Efficiency, Ministry of Power, HWB organized national level energy 
conservation programmes for fertilizer and chlor-alkali industries. HWB also carried out an energy audit for IGCAR, 
Kalpakkam.   
6.2. Safety management  
    Heavy Water Board had been giving utmost importance to industrial, occupational & environmental safety, right from 
site selection to designing, construction, commissioning and during operation of plants. Various design safety features were 
incorporated in the plants. All the plants are certified for IS: 9001(QMS), IS: 14001(EMS) & OHSAS 18001/IS: 18001.  
HWB’s safety record is the bes t among the Chemical Industries in India.   
    Heavy Water Plants have received many prestigious awards for excellent performance in safety & environment 
protection from National Safety Council, Atomic Energy Regulatory Board, Institution of Engineers, In stitute of Directors, 
Indian Chemical Council, State Pollution Control Board, Confederation of Indian Industries and Directorate General of 
Factory Advice Service & Labour Institute. 
6.3. Environment management system: 
    Heavy Water Plants consume large amount of power, water and chemicals.   Therefore, conservation of natural resources, 
energy and environment protection were given due importance right from the beginning.   Reduce, reuse and recycle of the 
natural resources is ongoing process.  In all the plants, green belts have been developed.   
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7. Diversification activities of HWB 
    Heavy Water Board has created responsive high technology talent pool and expertise in various facets of chemical 
process plant right from concept to commissioning, including process and technology development, project implementation, 
state of the art O&M practice. HWB has successfully diversified into various fields intimately connected with India’s 
Nuclear Power Program (NPP).  Major diversification activities include production of enriched boron (10B), production of 
nuclear grade solvents, reduction of radioactivity in reactor heavy water, solvent extraction for recovery of rare -metal from 
phosphoric acid, spin-off technologies like ammonia flue gas conditioning by ammonia injection, improved vapour 
absorption refrigeration system to utilize low grade heat and development of alternate applications of deuterium, heavy 
water and deuteriated compounds.  
7.1. Development of technology and production of organo-phosphorus solvents 
    Nuclear Fuel Cycle requires a large variety of nuclear grade solvents for fuel reprocessing, actinide partitioning, 
separation of fission products, waste management etc. HWB has taken up production o f organo-phosphorus based solvents 
required for India’s Nuclear Power Programme.  As a first step, plant for production of di-2-ethyl hexyl phosphoric acid 
(D2EHPA) and tri-n-butyl-phosphate (TBP) were set up at HWP, Talcher for meeting the requirement of Front-end and 
spent fuel reprocessing. Both the plants are presently in operation and producing these solvents not only to international 
standards but also meeting the requirement of spent fuel reprocessing.  
    HWB has taken up the development of novel s olvents with improved solvent extraction characteristics and better 
stability. Work for identifying and finalizing synthesis routes for new solvents had been taken up at HWP, Tuticorin and 
several campaigns for synthesis of solvents like TOPO, TAPO, DNPPA, TiAP, DHOA etc. have been successfully 
completed.   
    After completing a development – demonstration – deployment cycle, HWB has set up 2nd generation solvent production 
plants - a Versatile Solvent Production Plant (VSPP) at Talcher and a TBP Production Facility at Vadodara. The VSPP at 
Talcher is designed to produce 100 MTPA of D2EHPA or 40 MTPA TOPO/TAPO/DNPPA on campaign mode. The TBP 
Facility at Vadodara is designed to produce 130 MTPA of TBP. With commissioning of above Facilities, HWB shall have 
an overall production capacity of 300 MTPA of organo-phosphorus solvents and would be in a position not only to meet the 
present demand but also take care of future requirement of NPP.    
7.2. Recovery of uranium from secondary sources  
    Having established the capability for industrial production of organo-phosphorus solvents at par with international quality 
standards, it was felt prudent to develop process and technology for solvent extraction needed for various nuclear hydro 
metallurgical applications. Keeping in view the constraint in uranium availability from primary sources, augmentation of its 
production by recovery from secondary source i.e. phosphoric acid was taken up as the focus area for solvent extraction 
technology development. Process and technology development was taken up at laboratory scale using micro-mixer settler at 
Talcher. The process development work, in a short span of about two years has successfully addressed various issues in 
developing and scaling up such a challenging technology from laboratory to industrial scale. While the laboratory work was 
extremely useful in understanding the fundamental aspects of chemistry, the Micro & Mini scale campaigns followed by 
Bench Scale operations revealed the finer aspects of process and its complexity.  
    The engineering data generated by the process development campaign encompassing process and equipment performance 
has provided the design basis for Technology Demonstration Plant (TDP) at Rashtriya Chemicals & Fertilizers Ltd. (RCF) 
at Trombay. TDP, integrated with the phosphoric acid plant with production capacity of approximately 24000 MT P 2O5 per 
annum, is primarily intended to provide an intermediate step for scale up and conversion of the bench scale SX Process to 
SX Technology for industrial scale plant. Sustained and successful operation of the SX process will generate confidence in 
the host Phosphatic Fertilizer Plant with respect to the integration of uranium recovery plants. TDP provides an opportunity 
to process freshly prepared feed acid, improve the process economics, establish the acceptability of return acid and evaluate 
the performance of some novel equipment and materials of construction.  
    HWB has also taken up development of more efficient contacting devices including cen trifugal extractor and rotating disc 
contractors to cope up with higher throughputs in industrial scale plants.  
7.3. Production of enriched boron 
    After meeting the original mandate of heavy water production for the PHWR program of 1st phase of NPP, jo urney 
started for the 2nd phase of NPP based on FBR technology. Boron enriched in B-10 content finds important application in 
the FBRs as a Control Rod material  in  the form  of  Boron Carbide (B4C) at 65% B-10 content. Amongst various processes  
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known, two routes had been pursued in the country at pilot scale, namely Exchange Distillation (XD) of Boron tri fluoride 
di-ethyl ether complex and Ion Exchange chromatography of Boric Acid. 
7.4. Boron enrichment by exchange distillation: 
    The Exchange Distillation (XD) process was initially taken up at BARC for which a Pilot Plant was installed and 
operated in the seventies and eighties. In order to meet the demand of enriched Boron indigenously, a decision wa s taken by 
HWB to take up the Exchange Distillation process at its Talcher Facility for technology development and industrial 
production. The process essentially involves isotopic exchange reaction under vacuum between Boron trifluoride - di-ethyl 
ether complex in liquid phase and Boron trifluoride in gas phase with reflux provided by thermal dissociation of the 
complex to generate BF3 gas.  
    Being the first campaign of its kind in the country and due to lack of information on the new technology, the roa d map 
envisaged was to conduct extensive tests in pilot plant scale (utilizing the old pilot plant of BARC) followed by engineering  
tests leading to design / engineering & setting up of industrial facility. The old pilot plant was shifted from BARC and re 
commissioned at Talcher after refurbishment in 2003. Prolonged operation for over 7300 hours yielded the basic process 
and process engineering data apart from providing hands on experience to the personnel in the areas of chemical handling, 
analytical methods, chemical conversions, effluent and environmental issues. In order to bridge the gap between pilot scale 
and industrial scale, concurrent engineering test loops were set up and operated to generate critical data pertaining to 
industrial grade column packing, heat transfer equipment, etc. 
    Based on the information and data generated, the industrial production facility was optimized and configured with design 
intent  of 78 kg Boron at  65%  B-10 content per year on one hand and maximum utilization of existing facilities and 
infrastructure including retrofitting the new facility inside the vacant building and structure of the old Heavy Water up -
grading unit on the other. The facility achieved its mechanical completion in April 2007. Commissioning activit ies started 
in June, 2007 and in a short span of 36 days of stable operation, the B-10 isotope inventory and desired enrichment up to 
65% was achieved on September 22, 2007. The facility, since then has completed over three years of stable operation and 
has steadily achieved capacity utilization over 150%, thus adding another feather to HWB’s cap. Continuing further in the 
Boron Enrichment, the goal of indigenous availability of highly enriched Boron at > 90% isotopic purity for neutron 
detector application has also been met, thus fulfilling its long standing requirement.   
7.5. Boron enrichment by ion exchange chromatography:  
    Based on the process developed by BARC / IGCAR, HWB has set up a Boric Acid Enrichment Plant for the production 
of enriched Boric Acid at 65% of isotopic purity of B-10 for production of Elemental Boron required for CSR & DSR for 
PFBR.  The Facility is designed, engineered and implemented by HWB at HWP, Manuguru. The facility is already under 
operation for last three years and after achieving isotopic purity Level of ≥ 65% from natural concentration of 20%, product 
drawl has commenced. 
    Another facility consisting of Chemical Conversion Unit for conversion of enriched Boric Acid to KBF4, Electro-winning 
by molten salt electrolysis of enriched KBF4 for production of raw Elemental Boron followed by Powder Processing Unit 
and Waste Disposal Unit along with its accessories have also been set up at HWP, Manuguru. The setting up of the plant 
was preceded by trial campaigns on prototype cell to collect data, establish the life of various components and optimize  
process parameters.  The operation of prototype cell also revealed the areas where up -gradation and changes were 
necessary.  Since then, 22 nos. of improved cells have been set up  and commissioned and are operating satisfactorily. While 
doing so, HWB has developed the vendors for supply of critical components such as high density graphite crucible, 
Inconnel Liners, Nickel electrode and special furnace for the purpose. The Chemical Conversion Unit, the Powder 
Processing Unit and Waste Disposal Unit have been commissioned and are operating very smoothly.  Material of 
construction was one of the major concerns for these units and same has been successfully addressed.  The Electro -winning 
Unit, Powder Processing Unit and Waste Disposal Unit are capable of handling enriched KBF4 available both from Talcher 
and Manuguru.  
8. Cleaning up of reactor heavy water 
    Heavy water used in primary heat transfer and moderator circuits of Pressurized Heavy Water Reactors generate tritium 
activity due to neutron capture by deuterium.  The associated radiological hazard is very prominent in the occupational doze 
to the reactor O&M personnel.  HWB has taken up programmes for reducing the activity with an objective of reduction of 
occupational doze to the reactor personnel and also to facilitate recycling and re -use of used heavy water for subsequent 
nuclear power plants.   
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    A Technology Demonstration Heavy Water Clean up Facility (HEWAC) has been set up at HWP, Kota.  The process is 
based on transfer of activity from reactor heavy water to deuterium gas in presence of platinum based hydrophobic catalyst 
followed by cryogenic distillation at about 23K. The most critical section of the facility is the cold box of about 145 cubic 
meter volume with 23 equipment inside, multi layer insulation, special valves, etc. and operating under vacuum level of  10-
6 mm Hg. Electrolyser for generation of hydrogen and deuterium gases, compact plate fin heat exchangers, large number of 
static and rotary equipment, nitrogen and hydrogen refrigeration cycle etc are some of the challenging areas of the process. 
The special analytical instruments and plastic scintillation based area and process monitors are also required for the plant 
which had been developed by BARC. While developing the new process, efforts have been made to utilize a large number 
of static and rotary equipment that were already available with HWB. The comp lete engineering of the facility and project 
implementation has been carried out in-house. 
9. Development of alternative applications of deuterium and heavy water 
    Deuterium, heavy water and deuteriated compounds have many potential applications in non -nuclear field including life 
science, pharmacology, bio-technology, oil exploration, electronics, telecommunication, acoustic recording, polymer & 
laser technology etc.  
    HWB is pursuing development of alternative applications of deuterium, heavy water and deuteriated compounds through 
collaborative work with other research and academic institution. In this context, HWB has entered in a Memorandum of 
Understanding with Board of Radiation & Isotope Technology.  
    D2O increases the stability of organic molecules, macromolecules, viruses and vaccines. This has important application in 
thermo-stabilization and preservation of bio-organic molecules (vaccines) and other heat-sensitive therapeutic substances 
and also as a medium for storing organs, tissues, tissue parts, proteins or enzymes, sera and blood preparations and for the 
perfusion of organs intended for transplants.  
    HWB and had undertaken collaborative explorative work to improve thermo-stability of oral polio vaccine using heavy 
water with Enterovirus Research Centre (EVRC), Mumbai and Haffkine Bio -pharmaceutical Corporation Ltd. (HBPCL), 
Mumbai. OPV prepared in heavy water maintains the required potency for seven days even at 37 °C and about 2 days at 
42°C. This is an important breakthrough and can be employed gainfully for societal benefits. HWB has completed pre -
clinical safety review of stabilized medium (D2O) through literature on biological and toxicological effects in laboratory 
animals and also on human exposure including infants, children, lactating mothers and adults.  
    HWB has been regularly supplying deuterium gas to optical fiber industry for manufac ture of “low water peak” optical 
fiber.  
 
 
 
